ABSTRACT
INTRODUCTION
In their evolutionary development path coastal tourist destinations (CTDs) have dominantly incorporated physical and historical components, with all the features in terms of close association with water surface, dense urban cores with a concentration of generators of logistic activities within them, narrow one-way streets burdened with the implementation of freight transport, congestion on access roads at certain intervals, predominance of road transport mode in shipping goods, etc. Therefore, the desire to find an adequate model of supplying the CTDs without undermining the quality of tourist offer and the environment is permanently present. A holistic approach in developing MoL which is the base of research work presented in this article employs several phases and methods in order to comprehensively and simultaneously optimizes logistic processes in a CTD.
Contemporary models of sustainable development of CTDs promote horizontal and vertical integration logistics and tourist activities. They are focused on technical vision, combined distribution, and the concept of environmental sustainability. This approach is fundamentally opposed to pro-road freight transport strategy that has been present for a long time and brought to the increase in number of vehicles on roads, which in turn brought to a series of negative impacts on CTDs.
The model of sustainability is closely connected to total logistic integration (TLI) of processes in a CTD ( Figure 1 ). In accordance with Tinen's theory [1] , it can be stated that within a CTD, the location factor, in respect to water surface, represents the key element of the development of the model. On this basis, the geographic area in a CTD which is the closest to water surface is the one with the highest density, rents, and traffic intensity. As a rule, these areas are reserved for the most expensive tourist facilities, while the most distant areas, in geographical terms, with the lowest rents, are used for industrial or agricultural production. In the last mentioned areas the transportation costs are lower, and the intensity of transport is considerably weaker. Being that TLI creates sustainable, competitive and strategic advantage, the physical aspect of a CTD must be reaffirmed, in accordance with Tinen's model.
The descriptive approach to the research of relations between tourist destination and associated gen-erators of logistic requirements, logistic centers (LCs), location problem, and optimization of tourist facilities supply, represents the basis of the research and development of a novel model of logistics (MoL). Quality management of TLI system, as a key moment in developing MoL [2] , should essentially search for an optimum among the following four processes: (1) research and forecasting of customer needs and expectations, (2) cooperation, coordination and consolidation of material, energy, transport and information flows, (3) network and physical planning, and (4) environmental planning.
Model of logistics (MoL) as a term, along with its significance in the development process and redefinition of logistic-transport system of a certain geographic area, represents a construction based on a set of principles. It optimally connects primary logistic elements (system structure, organization, logistic chains, logistic flows and telematic technologies) and secondary logistic elements (public, private, and public-private logistic measures) into a systematic and sustainable solution of logistics for CTD.
Active development of CTD affects the existing logistic solutions and causes higher costs and greater number of complex requirements related to the processes of distribution of goods. Therefore, the development of new methodological approaches for creating sustainable solutions in logistics is imposed as an inspiration. In other words, the approach aimed to simultaneously and comprehensively optimize logistic processes, and above all minimize transportation costs, along with providing development of cooperative model of physical distribution.
Development of CTDs contains four phases ( Figure  1 ): initialization (initial development of fishing ports), urbanization (urban development and trade around the fishing port), industrialization (development of related industrial facilities), and expansion (development of tourism and tourism-related facilities). According to the level of economic development of a society, each phase has some logistic solution. The last phase of development is characterized by certain concentration of different regional functions present on a rather small area that mutually coincide and create a set of negative effects which are harming sustainable development of the region.
Physical and infrastructural restrictions on one side, and increased frequency of vehicles on the other, create gaps in the implementation of cargo flows. Former areas of concentration of cargo flows such as ports, docks and town squares, have now become significant tourist and catering facilities in which there has been a change in the characteristics of cargo flows in terms of size, intensity and structure. The key problem is that there has been an increase of road transport and it is the result of: (1) elimination of holding stock in facilities, (2) desire to deliver goods in accordance to JIT (Just in Time) strategy, (3) rapid increase in e-shopping, and (4) tendency to independently solve transport problems of separate entities by not taking into account the overall efficiency.
PROBLEM FORMULATION AND PROPOSED METHODOLOGY
Coastal tourist destinations (CTDs) are special and unique geographical areas with emphasized logistic needs during specific period of time throughout the year (150-165 days). It is necessary to come up with a new MoL that will allow better cooperation, coordination and consolidation of logistic flows, which are implemented in these areas. Therefore, the basis for developing MoL being proposed in this paper relies on the relations between: geographic area and the existing generators of logistic requirements, LC and terminals, location problems and optimization of tourist destination supply. The newly proposed MoL is developed by using a holistic approach, the one that allows simultaneous optimization of all parts of logistic chain within CTD. This model allows the development of a higher level of logistic service, as well as development of a combined distribution system between land and water mode of transport. The key features in developing an optimal MoL are realized through four phases referring to: (1) clustering problem in logistics, (2) location problem, (3) vehicle starts optimization, and (4) vehicle routing problem. These four phases are described in the following sub-sections of the paper (2.1-2.4).
First phase -clustering in logistics
Within the first phase of the development of MoL, it is necessary to cluster generators that are located in a CTD. Clustering can be done by using k-means (greedy) method of clustering. At this stage, on the basis of number, structure and physical distribution of generators of logistic requirements, it is necessary to determine the physical concentration of generators based on the principle of similarities of characteristics of logistic requirements and by using the method of clustering that will enable defining optimal locations for hub and LC, and in later stages, cross docking terminals. The clustering process consists of the following phases: initialization, aimed to define the number and physical distribution of generators, variable selection for clustering (characteristic for logistic applications), selection of distance measure, selection of clustering algorithm, determination of the number of clusters, and validation of the analysis [3] [4] [5] [6] . Distances within clusters are being determined as Euclidean ones from the center (centroid).
K-means clustering is based on two components: (a) input a set X on n points x ,i 1,n i = , and (b) output calculated as a set C consisting of k points (cluster centres) x ,j 1,k j = that minimizes the square error distortion d X,Ĉ h over all possible choices of C:
It is possible to achieve this goal (1) by applying the following heuristics: place k points into the space representing generators, assign each generator to the group that has the closest centroid, when all objects have been assigned relocate the positions of k centroids, repeat the second and the third steps until the centroids no longer move.
Greedy method should be applied in initial clustering and/or in determining the optimal connections later on between the established centroids.
Second phase -solving hub location problem
The second phase means determining the network of LC based on the results of the clustering phase. The basis of this sub-model is to determine the optimal structure of two echeloned systems of distribution: hubs-satellites as the first echelon, and satellitesusers as the second one. The scheme of this phase is given in Figure 2 , and it is described in more detail further on. Procedure of identifying hubs should be summarized as follows: let us observe graph G N,A =^h where N is the set of all terminal nodes, and the set of potential hub notes is H N 1 . The set of arcs is defined as A, where each arc is weighted by travel time (distance, or costs). Paths in the graph are identified as a sequence of the nodes traversed, where this number is limited to at most two hub nodes per path by the definition of the path variables. The standard incapacitated location model [7] is given as a model (2) (3) (4) (5) (6) :
subject to: 
Third phase -setting fuzzy logic conditions for vehicle starts
In this model, vehicles and LCs have predefined capacity [8] [9] . Demands arriving from more customers should be met by engaging only one vehicle. The moment when vehicle departs from its starting point is very important and it is determined by fuzzy logic. Its route starts and ends within the same LC, and the total load must be less than or equal to the capacity of LC. The objective is to minimize the total costs of the system, including storage costs and routing costs.
Since customer demand is described by fuzzy logic, after the first customer has been served, the capacity of each vehicle is also described by fuzzy logic, due to the rules of fuzzy arithmetic. The capacity of LC is also described by triangular fuzzy number, and it has all the conditions not to exceed the remaining capacity of LC with the next customer demand.
Greater difference between available capacity of vehicles and customer demand puts dispatcher in the position to send the next vehicle. The preference index herewith means magnitude of preferences to send the vehicle to the next customer. Details of mathematical notation of this model can be found in [8] . However, limitations of this model are robust fuzzy calculus and unpredictable customer demands.
Fourth phase -two-echelon vehicle optimal routing
In order to describe two-echelon vehicle model [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , let us consider a transportation carrier that has to deliver goods to a set of NC destinations, called customers. A quantity of freight qi to be delivered, called demand, is associated to each customer i. The carrier has one depot NO (hub) and NS (terminal) intermediate facilities, or satellites where cross-docking operators can take place. Let us assume that the transportation company has two fleets of homogenous vehicles, m1 and m2 , assigned respectively to the first and the second echelon. These vehicles have maximum capacities C 1 and C 2 , respectively. Two types of routes are then defined, one per each echelon. The first echelon route starts and finishes in a depot and visits the satellites. At the satellites, the freight is transhipped into the second echelon vehicles. Each of them makes a round trip to deliver goods to one or more customers.
The objective function seeks to minimize the overall transportation costs. Constraints include: maximum number of routes, balancing the number of vehicles entering and exiting each node; achieving that each route returns to its starting point and each node receives its corresponding demand; limitations to the vehicle capacities; existence of connection between the two echelons, and assigning each customer to one and only one satellite. Detailed mathematical model of herewith presented verbal formulation of the problem is given in Gonzales-Feliu (2012). The limitation of this model is its computational complexity [24] [25] [26] [27] .
In this paper, for the purposes of vehicle routing, instead of several well-known methods, such as genetic algorithms, bee colonies and similar, an object-oriented computer simulation is used.
General algorithm scheme
Concerning all above described phases, an algorithm for a novel CTD MoL is created and given in Figure 3 . It consists of the following key processes: (1) determination of destination size, (2) clustering of generators of logistic requirements, (3) determination of system structure, (4) determination of cooperation models, and (5) simulation modelling of a real system.
The size of destination (small, medium or large) depends on the number and physical distribution of generators of logistic requirements. This problem corresponds in a manner to the clustering problem being described in (2.1) sub-section. The number and nature of generators and their initial values are usually set on the basis of extensive empiric observations on the spot.
When it comes to defining LC's network, it corresponds to the second phase of MoL (see 2.2). Here are identified possible LCs and their interconnectivity within two-echelon structure of distribution, including seasonal characteristics of logistic flows as very important elements.
The model of cooperation is presented in the following segment where key conditions are described with fuzzy logics. The process management of goods distribution is closely connected to conditioned vehicle departures caused by key attributes, i.e. vehicle capacity and freight space being used. This segment of proposed algorithm directly corresponds to the third described methodological approach in (2.3) sub-section. The vehicle routing problems are solved by the process of simulation modelling (2.4). For the last phase, input data are the results of the resolved problems encountered in the previous three phases (2.1-2.3).
Direct and strict application of integrated MoL which includes particular combination of analytic, probabilistic and fuzzy methods is too complex and it is hard to have it entirely realized. The appropriate simulation modelling represents the key phase in models like this one. The role of the simulation is double. On the one hand it should describe and simulate very complex processes with several dimensions: analytic, probabilistic and fuzzy. On the other, it should provide a database which offers important indicators like: capacities used of available vehicles, LCs' locations, mileage, number of stops, time consumed during unloading, etc., for further analysis.
By taking into account the previously described phases (2.1-2.4), along with the proposed holistic approach to the development of MoL in CTDs, it needs to be emphasized that there are many difficulties when it comes to the realization of the process of connecting separate sub-models into one integrated model. Consequently, some phases can be separately realized, and their results can be used as independent input data for future development of similar models.
The developed multiphase MoL is tested on a concrete example, i.e. Montenegrin CTD (MCTD) as a medium developed tourist destination. The goal is to obtain relevant data for a complete optimization of logistic processes within this CTD in the time period to come. The simulation results over newly developed MoL for MCTD, which has three different scenarios, are presented in the next section of the paper, along with all relevant indicators.
THE MoL APPLICATION AT MCTD
The proposed model of logistics (MoL) has been tested at MCTD, which is a unique destination composed of six towns: Herceg Novi, Kotor, Tivat, Budva, Bar and Ulcinj, and fourteen input and output gates. These towns need annually 572,271 tons of goods for the purpose of satisfying their functions (trade, tourism, etc).
The key steps in developing MoL at MCTD are briefly described below.
Step 1: Features of the existing logistic solutions at MCTD are summarised. It is a disorganized system in logistic terms. In other words, the concentration of logistic processes is not present at MCTD, and each sub-system independently organizes distribution of goods, not taking into account the general efficiency. Furthermore, insufficient coordination and cooperation among different modes of transport is present. Consequently, regarding the presence of a number of separate and partial solutions, numerous examples of unsynchronized logistic activities are preset, like: dispersion of storage and transhipment capacities, intensive road traffic in narrow city centre areas, running vehicles with a small degree of cargo space utilization, frequent deliveries during the peak load, etc.
Step 2: Number of generators of logistic demand has been initialized. At MCTD, in total 3,485 generators are identified during the season, while 2,503 generators are identified in off-season period. Each generator presents a sub-system of marketing logistics of the region with different features of demand. In order to have better understanding of the facts, the generators are grouped ( Table 1) according to the flows of goods similarity.
Step 3: Different types of generators are identified. In order to simplify things for the purpose of the following simulations, the generators are divided into five groups: G1 -generators for local industry, G2 -generators for civil engineering, G3 -generators for retail, G4 -generators for hotels and catering, G5 -other generators. The number of generators is analyzed for both in-season (approximately 92 days per year) and off-season (approximately 273 days per year) periods.
Step 4: Six towns at MCTD: Herceg Novi, Kotor, Tivat, Budva, Bar, and Ulcinj are defined as six clusters in the model.
Step 5: The hub-location problem is resolved within this step, i.e. the structure of three LCs is defined. One hub in Bar within the Port of Bar which should provide technical and technological support, while two satellites are in Tivat and Herceg Novi (Figure 4) . Figure 4 also gives the amounts of goods (Q) needed by the analysed cities and modes of transport for MCTD per year. This structure will allow effective coordination and utilization of transportation infrastructure at MCTD, including optimal distribution of macro and micro commodity flows.
Step 6: Two-echelon vehicle optimal routing is realized within this step. The first echelon is composed of the hub in Bar and the two satellites in Tivat and Herceg Novi. The second echelon consists of several satellites and end-users. At the level of the first echelon, supply is realised by using bigger transportation devices (ship, wagon, truck, etc.), while at the level of the second echelon the distribution of goods is realized by smaller transportation units (vehicles). 
The structure of the simulation model
All contemporary tendencies towards optimization of logistic processes in a tourist destination basically coincide with the process of development of LCs. The main development goals of LCs are concentration and consolidation of logistic activities in one place by achieving positive economic, physical, and environmental effects. Contemporary designed and organized LCs represent central elements, or hardware of the MoL which, as such, are in strong connection with the development and implementation of modern logistic strategies such as: make or buy (MOB), JIT, 3PL, and 4PL. After solving the location problem for MCTD, the structure of three LCs is defined, i.e. one hub in Bar within the Port of Bar, which should provide technical and technological support, and two satellites, one in Tivat and the second one in Herceg Novi. This structure allows effective coordination and utilization of transportation infrastructure in the destination.
An important feature of the proposed model is to define quantitative characteristics of logistic demand which are related to: (1) establishing average number of demands per time unit and determining medium value (amount of goods) per demand, (2) defining probability distribution of time between two demands, (3) defining probability distribution of amount of goods per demand, and (4) defining random functions of events for two periods of observation.
The general scheme of simulation modelling for MCTD is given in Figure 5 .
On the basis of a completed profile of logistics for MCTD, the following elements are defined: geo-physical features of the destination (border destination, gate layout, LC's location and road network), characteristics of macro and micro commodity flows, where the largest percentage of macro flows is directed firstly towards the Port of Bar and later on from the port to LCs. The characteristics of physical distribution are in accordance with the logistic requirements of the generators and the vehicle characteristics.
Based on the initial conditions, the system structure has been defined for three alternative solutions. Any alternative solution has a different system structure, which are modelled by the simulations. The main idea is that the hub in Bar should present central element of logistic structure enabling concentration, cooperation and transformation of all forms of commodity flows. The numerical and graphical results of the simulation processes are given in the next part of the paper.
Generators of logistic demand features
All input data were obtained on the basis of multicriteria empirical analysis made by the authors during the past two years. The proposed MoL for MCTD is an open, dynamic and stochastic model determined by a set of sizes with discontinuous characteristics, which affect the system, so that it changes discretely over time. The features of generators of logistic demand for MCTD are given in the form of number of vehicles' starts per day ( Figure 6 ). The size structure and the number of freight vehicles are given in Table 2 , along with the starting points from which the vehicles depart on their routes within the explored MCTD. It is obvious that there are extensive data which create solid basis for the development of a simulation model.
In addition to data presented in Figure 6 and Table 2 , it should be pointed out that the authors have collected extensive data sets regarding the number of passenger cars, pick-ups and trucks exploited during and off season, in all MCTD clusters, i.e. in Herceg Novi, Kotor, Tivat, Budva, Bar and Ulcinj. Also, data on transport facilities structure and frequency of employing different modes of transport in delivering the goods have been collected. This kind of comprehensive research has never been done in this area so far (to the best knowledge of authors).
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SIMULATION RESULTS
The simulation experiment includes MCTD space as a single system with six sub-systems for each considered cluster. The process of modelling and simulation experiment based on the developed MoL for two characteristic periods off-season and in-season, is realized as a whole in programming language Rockwell Arena (ver. 7.1) on Intel processor (2.4 GHz/4 GB RAM) for the present situation at MCTD, and for three newly proposed solutions within the concept of rationalization of commodity flows. The numerical results obtained by the simulation model are given in Tables  3-5 , and in Figures 7-10 .
The number of vehicle starts per day is considerably reduced, depending on the variational solution and generators type (from 8% to 67%). Therefore, this results in a relief of the transportation network and achieving of greater economic and environmental effects (lower levels of CO2, noise, etc).
The structure of distribution channels over LC Bar, 3PL points (Tivat and Herceg Novi), and local industry for each generator (G1-G5) is given in Figure 7 .
In Table 3 , the data on savings, i.e. effects (%) during and off-season are given for three examined logistic solutions for MCTD, concentrated in and around Herceg Novi, Kotor, Tivat, Budva, Bar and Ulcinj. These effects are calculated for the savings in the number of vehicles set in motion for different generators (G1-G5). Besides the detailed analysis per each type of generators for clusters considered within MCTD, the simulation results for the number of vehicle starts at the entrance of each analyzed cluster and effects in terms of savings in the distances travelled by the employed vehicles are given in Table 4 . Figure 7 -The structure of distribution channels at MCTD Figure 8 presents changes in the structure of the presence of different modes of transportation (ship, rail, road, and air) in MCTD during and off-season. It is evident that in the newly proposed logistic solutions (PS 1, PS 2 and PS 3) there is a significant decrease in the share of road and rail transport in comparison to sea shipping. This is of great importance in terms of relieving urban cores of analyzed cities, especially during the season. The new MoL solutions contribute to relieving the transport network in the destination from heavy trucks by increased use of sea and to slightly lower extent rail transportation modes, which is of particular importance during the summer tourist season.
The presence of much smaller scattering among engagement of direct distribution channels in delivery of goods to customers for all five groups of generators speaks in favour of the here proposed solutions PS 1, PS2, and PS 3 ( Figure 9) . Figure 10 shows the change in the total commercial vehicle travelled distances in [km] per day during the summer tourist season in the analyzed coastal tourist destination, i.e. MCTD. The new structure affects the change of image of the total cost, the amount of harmful substances and the quality of logistic services. There is a much smaller share of unconsolidated delivery to users. The result of this is the relief of road transport network in the destination, which is up to 95.20% in the period outside the summer season and up to 95.86% in the peak tourist season. The economic effects of the new solutions per day for each PS are shown in Table 5 .
In terms of direct positive economic effects per considered clusters (€/day) in the cases of a novel proposed MoL solutions, on the basis of figures presented in Table 5 , it is obvious that certain differences are present. Namely, the greatest economic effects are noticeable for variant PS 3 in-season, while the great- 
CONCLUSION
The growth in volume of logistic processes and services in all business segments of CTD affects the development of an approach that will enable its comprehensive and integral observation. Parallel with the process of expansion of logistics, certain logistic trends that significantly affect the processes of designing new systematic solutions can be seen. All these solutions are focused on the development of a win-win situation among all participants in the logistics of CTD. Their key determinant is the focus on making complete optimization and coordination of logistics -transport processes and sub-systems -in order to create situations which will result in synergy effects. Therefore, the tasks of logistics in CTD, aside from energy and regulatory aspects, also include material side of the process whose main goal is the delivery of materials and products to certain locations at a certain time with minimal resources and minimal economic expenses, where certain quality of logistic services is expected.
The starting point in the development of sustainable MoL is to identify important factors that initiate its development. A number of different factors that influence the development of logistic solutions can be differentiated into seven main groups: (1) rapid globalization processes, (2) integration of supply chains and their growing presence in CTD, (3) growth in the scope of logistic activities in CTD, (4) technical and technological innovations in all logistic sub-systems, (5) rapid development of IT technologies, techniques and equipment, (6) improvement of methodological procedures and techniques, and (7) environmental requirements for sustainable environmental solutions.
The characteristics of physical dispersion, mass, inhomogeneity, stochastic commodity and material flows have made it necessary to develop modern methods of technological design so as to have an as successful rationalization as possible. The concept of design of material flow in a meta and macro logistics system is focused on: (1) harmonized correspondence of transportation requirements and technological elements, (2) examination of reciprocal impact factors: addition, consolidation, interphase warehousing, inventory management, and physical distribution, (3) implementation of material flow in CTD within stochastic and non-stationary conditions of the logistics processes.
Logistics management and decision-making in CTD falls into the category of strategic issues. For the location problems in logistics of CTD, a set of objects appears that are associated with other interactive set of objects (LC and their satellites interact with generators of logistic requirements). The interconnectivity of these objects constitutes a logistics network of destinations. The problem of determining the optimal location of LC and its satellites in respect to the number and physical distribution of generators of the logistic requirements is one of three key problems in the development of customizable logistic system solutions of CTD. The objective function of the considered problem is usually defined by the selection of a location that will meet the transportation and physical conditions, while the transportation costs will be brought to a minimum trying to meet all logistics needs of generators.
Due to the complexity and scope of the process, the development of MoL cannot be done in a single step. It takes a holistic and multiphase approach. In this paper, in the development of MCTD MoL, we took into consideration the following constraints: number, structure and physical distribution of generators of logistic requirements at MCTD. Then, we proposed clustering, i.e. location/allocation problem along with optimization of supply processes throughout optimal available vehicles routing. Corresponding data sets were collected on the spot during and off-season and the appropriate simulations have been realized throughout a unique simulation model using program-ming language Rockwell Arena (ver. 7.1). On the basis of computer simulation over the developed MoL and the previously collected data on the spot, multiple positive effects have been observed: -Reduction in the number of vehicles for newly proposed PS 1, PS 2, and PS 3 logistic solutions in MCTD is noticeable in comparison to the actual situation, that is of particular importance in the season period; -Also, noticeable are the reductions in the number of vehicles during and off-season at the entrances of examined MCTD clusters in comparison to the present situation; -The novel proposed logistics solutions PS 1, PS 2, and PS 3 caused the reduction of road and rail transport density in favour of sea transportation. This relieves the road (and partly the rail) transportation network. This is again of particular importance in season periods; -Channels of distribution congestion are considerably reduced in the cases of PS 1, PS 2, and PS 3 for each generator type (G1-G5) in comparison to the present state of logistic facilities at considered MCTD; -Delivered vehicles travelled distances per day expressed in [km], especially during summer period, are reduced for PS 1, PS 2, and PS 3 variant solutions; -Positive economic effects of the proposed logistic solutions PS 1, PS 2, and PS 3 are obvious for each considered MCTD cluster -Herceg Novi, Kotor, Tivat, Budva, Bar, and Ulcinj, etc. The above listed conclusions obtained as a result of conducted simulations upon the proposed MoL for MCTDs might be treated as promising facts for further experimental and more rigorous and extensive research work related to key issues for providing integral and adaptive MoL at CTDs in general. Additionally, one of the possible future directions of research is analyzing combined commodity distribution between sea and road transportation modes. This might include the development of a network of cross-docking terminals as satellite logistic centres and intensively involved speedboats in the distribution of commodities towards providing an optimal CTD logistics scenario. 
